Abstract: Parameters, such as oil, protein, glucosinolates, chlorophyll content and fatty acid composition, were determined using reference methods for both harvest survey samples and Canadian Canola exports. Canola harvest survey and export data were assessed to evaluate if canola harvest survey data can be extrapolated to predict the quality of the Canadian canola exports. There were some differences in some measured parameters between harvest and export data, while other parameters showed little difference. Protein content and fatty acid composition showed very similar data for harvest and export averages. Canadian export data showed lower oil content when compared to the oil content of harvest survey was mainly due to a diluting effect of dockage in the export cargoes which remained constant over the years (1.7% to 1.9%). Chlorophyll was the least predictable parameter; dockage quality as well as commingling of the other grades in Canola No. 1 Canada affected the chlorophyll content of the exports. Free fatty acids (FFA) were also different for the export and harvest survey. FFA levels are affected by storage conditions; they increase during the shipping season and, therefore, are difficult to predict from their harvest survey averages.
Introduction
Canola production steadily increased in Canada to reach over 17 million tonnes in 2013. In 2014, the Canola Council of Canada released a new strategy ("keep it coming") to encourage the Canadian canola industry to increase canola production to 26 million tonnes and to acquire new markets for the increased production. On a yearly average, over half of the seed production is exported to China, Japan, Mexico and the US, which are the main markets in Canada.
In Canada, canola is sold based on grades defined by the Canadian grain guide [1] . These grades have been established to allow for rapid segregation upon delivery at the various points of the grain supply chain (primary or terminal elevator, feed mill or crushing plant). While the Canadian grain guide defines the grades of Canadian canola, there are also other important chemical quality parameters for canola seed. These include oil, protein, chlorophyll, glucosinolates, free fatty acids and the fatty acid composition. Oil is an important quality factor since canola, being an oilseed, is processed to produce high quality oil. Protein content is important in order to produce good quality feed for animals, especially dairy cows. Chlorophyll content is a negative quality factor for Canadian canola. The short growing season in Canada is usually responsible for seed containing non-negligible chlorophyll amounts. This chlorophyll is found in crude oil and has to be removed from the oil during refining to produce clear canola oil for commercial use.
Genetic and environmental growing conditions affect canola quality parameters. For example, there is an inverse relationship with the oil content of the seed and temperature; hot growing conditions will lead to lower oil content when compared to cooler conditions. The opposite effect is found for the protein content of the seeds. Canola chlorophyll content is greatly affected by the growing conditions; a longer growing season will give a low chlorophyll content whereas a shorter season, often due to early frost, will give seeds with very high chlorophyll content This paper deals with a comparison of the data obtained from the yearly harvest survey program (Harvest Sample Data or HSD) of the Canadian Grain Commission and from the export monitoring program (Export Cargo Data or ECD) also conducted by the Canadian Grain Commission on officially inspected cargoes.
Results and Discussion

Harvest Survey Data
In 1927, the Canadian Grain Commission started a voluntary survey for wheat in the western provinces of Canada. In 1956, rapeseed (canola) was included in the annual harvest survey. Every year, samples of canola from western Canada are sent by producers, grain elevators and processors to the Canadian Grain Commission where the samples are graded and analyzed to produce annual reports describing the quality of the harvest of western Canadian grains. For this paper, only canola harvest sample data (HSD) reported for the western provinces (Manitoba, Saskatchewan, Alberta and the Peace River area of British Columbia) from 2000 to 2014 are used ( Table 1) .
The averages for each of the provinces for the harvest survey are calculated using crop district data ( Figure 1 ). HSD for each crop district are weighted by production values and by the number of samples in the grade. These in turn are used to calculate the provincial averages. Figure 1 shows an example of crop district production and the number of samples received by crop district. In this report, the production data used for each crop district to calculate the weighted quality averages are estimated production numbers since small production data are usually published by Statistics Canada [2] well after the harvest survey reports are posted. Yearly production estimates have also been difficult to assess due to a continual increase in canola production since 2000 and the large effects of the environment on the crop district production, e.g., flood in Manitoba in 2011 (Table 2) .
Estimated crop district production numbers take into account the production differences between regions. The production estimations were made using five-year production averages for each crop district until 2010. In 2011, three-year production averages were chosen to lessen the discrepancy due to the steady production increase. The number of samples received in the harvest survey varied from year to year (Table 1) . Production as well as quality of the crop was assumed to affect the number of samples received. Over the years, it was expected that more samples would be submitted to the harvest program if there were higher incidences of crop damage; however, Table 1 This could partially explain why the number of samples received in the harvest survey did not increase directly as a function of the production. It is also true that not all producers return their envelopes. The canola harvest survey shows that canola producers have between 37% and 40% envelop return rate. This highlights one of the limitations of the harvest survey program. It is voluntary and only willing producers participate; as such, the number of samples varies from year to year. As a result of the variation, the grade distribution for each crop district and the provincial averages might not be as accurate as they should be.
Export cargo data (ECD) and the number of cargoes analyzed as part of the export cargo-monitoring program from 2000 to 2014 are presented in Table 1 . Overall, a little less than 50% of the Canadian canola production has been exported, and over 95% the cargoes were leaving from the port of Vancouver (data not shown). Prince Rupert, also located in British Columbia, has been marginally used to export canola cargoes.
Oil Content
There was a statistical difference between the oil content of the HSD and the oil content of the ECD (Table 3, Figure 2a ). There was a linear relationship between the HSD and the ECD oil contents (R 2 = 0.93976); the HSD oil content was always about 0.64% higher than the ECD averages. In 2005, DeClerq and Daun [3] also reported that HSD oil content averages were 0.25% higher than ECD oil content average. The harvest samples are cleaned before analyses (0.00% dockage), and they contain only inconspicuous admixture (seeds that are not readily distinguishable from canola). Canola cargo exports are considered commercially clean when they contain less than 2.5% dockage. On average, Canadian commercially-clean canola exports contained 1.88% of dockage (Table 1) , whereas the harvest samples contained 0.00% dockage. Dockage is defined in the Official Grain Grading Guide as any material intermixed with canola other than canola seed [1] . It is usually made of roughage material, seed pods, knuckles or other seeds such as wheat, barley or flax and also, sometimes, broken canola seeds. Dockage material contains less oil than canola seeds, therefore, commercially clean canola samples are likely to have a lower oil content than completely clean canola samples. Every year producers grow canola seeds with higher oil content, which in turn increases the difference in oil content between the canola seeds and dockage material. The bigger difference observed in this report when compared to the 2005 report [3] was likely due to the increase in oil content of the canola seeds. It would be commercially impossible to have exports with no dockage since there is a fine balance between removing all foreign material (using various size sieves) and eliminating/losing canola seeds during the cleaning.
As a result, on average, ECD will always show lower oil content when compared to HSD. The differences in oil content between commercially clean exports and the harvest survey samples graded Canola No. 1, Canada will continue to increase as canola oil content increases with breeding. 
Protein Content
There was no statistical difference between the protein content of the HSD and the protein content of the ECD (Table 3, Figure 2b ). This agreed with DeClercq and Daun's [3] findings. Unlike oil content, dockage had no effect on the protein content of the ECD when compared to HSD. Slight differences were observed between averages of the 2001 HSD and its corresponding ECD and between the 2002 HSD and its corresponding ECD, however, there was no statistical difference between the averages. 
There was no statistical difference between the protein content of the HSD and the protein content of the ECD (Table 3, Figure 2b ). This agreed with DeClercq and Daun's [3] findings. Unlike oil content, dockage had no effect on the protein content of the ECD when compared to HSD. Slight differences were observed between averages of the 2001 HSD and its corresponding ECD and between the 2002 HSD and its corresponding ECD, however, there was no statistical difference between the averages. There were larger variations for HSD oil and protein contents than for ECD (higher standard deviation). It is known that growing conditions have important effects on oil and protein contents. The narrower variations observed in the ECD were likely due to how the grain is handled in Canada. In western Canada, producers deliver seeds to primary grain elevators where they are combined with seed from another location before moving to terminal elevators to be exported. In the primary elevators, the seeds of the same grade are combined and mixed leading to an averaging of quality and a reduction of the variations. Exported seeds also tend to be collected from geographically narrower areas than the whole western part of Canada; seeds exported via the ports in the west (Vancouver and Prince Rupert) are more likely drawn from growing areas closer to export points to reduce transportation risk and cost, for example, crop districts No. 4A and 4B from Alberta or the BC Peace River. Narrowing the growing area where the seeds are exported from will result in a narrowing of the oil and protein variation ranges.
Glucosinolates Content
Total glucosinolates content overall showed a statistical difference between the ECD and the HSD averages (Table 4) . ECD averages were about 2 µmol/g higher than the HSD averages (Figure 2c) . Again, the difference was probably due to dockage. However, it was unlikely that dockage contained components with high glucosinolates contents. Glucosinolates are very low in Canadian canola. The analytical method used to measure them might be responsible for the difference. Due to the low amount of glucosinolate, the NIR method might not be accurate as a reference method because dockage components could create artifacts leading to a slight overestimation of the glucosinolates content of the ECD compared to the HSD. However, even though a statistical difference was observed, it was a very slight. One could conclude that glucosinolates for the HSD data are able to predict glucosinolates ECD. 
Chlorophyll Content
Large differences were observed for Chlorophyll content between HSD and ECD. On average the chlorophyll content for HSD was 7 mg/kg lower than ECD (Table 3, Figure 3a) . The same 7 mg/kg difference was observed in a 2005 report [3] . (Figure 3a) . Unlike oil content, there was a very poor linear relationship between HSD and ECD chlorophyll contents (R 2 = 0.35979), which suggests that factors other than the amount of dockage was responsible for the mean differences. Chlorophyll is directly affected by the environment, and important geographic differences are observed almost every year in Canada, leading to geographical differences in chlorophyll content of the samples. It has also been shown that dockage quality more than quantity was affecting the chlorophyll content for the exports [4] .
In 2004, the Western Prairie region experienced a very short, cold summer, with early frost in mid-August. This led to large amounts of immature and frost damaged seeds in the harvested canola. The 2004 frost damaged canola seeds were green (showing very high levels of chlorophyll), shriveled/shrunken and smaller than normal canola seeds. During grading, these frost damaged seeds became part of the dockage in the exports, whereas they were eliminated from the harvest samples during the cleaning step. The frost damaged seeds which were very high in chlorophyll content led to a significant increase in chlorophyll for the 2004-2005 ECD when compared to the HSD chlorophyll content averages of clean samples graded Canola No.1, Canada.
Chlorophyll is not a grading factor. Distinctly Green seed (DGR) count is used for grading canola Green seed, and the tolerances are defined by the Official Grain Grading Guide [1] . Canola samples graded Canola, No.1 Canada contain a maximum of 2% DGR. There is a relationship between DGR counts and chlorophyll content. Overall, the more DGR present in a sample of canola, the higher the chlorophyll content will be. However, this is not a linear relationship [5, 6] . DGR variations for HSD and ECD surveys are presented in Figure 3b . There is a statistically significant difference between ECD and HSD DGR (p = 0.0005). Most years, export samples show higher DGR than the harvest survey samples (Table 3 ). Figure 4 suggested that the amount of samples graded other than Canola No.1 Canada had an influence on the chlorophyll content differences between HSD and ECD; less Canola No.1. Canada samples resulted in a higher difference. This suggested a possible commingling of the other grades into the Canola No.1 Canada. As suggested by Daun and Symons [5] , this was likely due to the green perception difference between individual grain inspectors and the sampling effect. They reported [5] that at 2% DGR using 1000 seeds for grading, the DGR could vary from 0.96% to 3.0%, 19 times out of 20. Over the 2000-2014 period, DGR has been the factor responsible of the downgrading of canola from Canola No. 1 Canada to Canola No. 2 Canada and Canola No. 3 Canada. This points out the difficulty in assessing DGR accurately; the result being the commingling of some of the lower grade canola into Canola No.1 Canada at the various step of the grain handling chain between the producers (harvest survey) and the terminal at the port (exports). 
Free Fatty Acid Content of the Oil
Harvest free fatty acid averages were lower than export free fatty acid average by about 0.26% ( Figure 5 , Table 4 ). Small, shrunken/withered and broken seeds are part of dockage. These seeds are damaged leading to an increase of the free fatty acid of their oil due to break down or damage of the cellular structures. As a result, commercially clean exports with 2.5% dockage will have higher free fatty acid contents than clean samples. It has also been noted that free fatty acid content could increase during storage also leading to an increase of the export free fatty acid contents when compared to the harvest data. 
Fatty Acid Composition of the Oil
Oleic, linoleic, α-linolenic, erucic acid contents, total saturates and iodine value of the oil for export closely followed the harvest averages ( Figure 6 , Tables 4 and 5 ). Statistical differences were observed between the harvest and export averages for oleic, α-linolenic and erucic acid, iodine value and total saturates (Tables 4 and 5) , however, the differences were small and had no practical effect.
Erucic acid contents have been very low since 2009; harvest and export erucic acid content averages of the oil have been well below 0.05%, with individual samples (harvest or export) showing an erucic acid range of 0.00% to 0.10% (Figure 6d and Table 5 ).
These data suggested that the fatty acid composition for the HSD data could be used to predict the ECD fatty acid composition. 
Material and Methods
Harvest Data
The harvest data are from the Canadian Grain Commission's annual harvest program. Quality data are from analyses of canola samples submitted to the Canadian Grain Commission throughout the harvest period by producers, grain companies and oilseed crushing companies. The data on quality for the reported years were based on the analyses of the number of samples received in the harvest survey and the number of samples graded Canola No. 1 Canada (NH1) ( Table 1) . Composites of Canola No. 1 Canada from the various crop districts for each province are made yearly to be analyzed by reference methods. The reported harvest data included only conventional canola samples (no specialty oil samples). Provincial and western Canadian averages were calculated from results for each crop district (Figure 7 ), weighted by a combination of production by crop district (Figure 1b) using Statistics Canada production estimates [2] , combined with an estimate of grade distribution per crop district using the Canadian Grain Commission data ( Figure 7) . Each sample submitted to the harvest sample program is officially graded by inspectors of the Industry Services Division of the Canadian Grain Commission using the Official Grain Grading Guide for canola and rapeseed [1] . Harvest samples are collected from 1 August to 1 December of the same calendar year. Harvest data from 2000 to 2014 were used in this report. 
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Export Data
Exports of commercially cleaned canola exports (from 1 August to 31 July of the following calendar year) were used in the report. Canola exports containing less than 2.5% dockage are considered commercially clean. The export quality average was calculated using each cargo quality data weighted with the cargo tonnage. Export data from 2000 to 31 July 2014 were used in this report.
Methods
Quality parameters used are oil, protein, chlorophyll, glucosinolates, free fatty acids and the fatty acid composition. Oil, protein and glucosinolates content values are presented using the Canadian Grain Commission's historical 8.5% moisture basis. Protein content was determined using the AOCS Official method [7] ; results are reported as a percentage using N × 6.25. Oil content, expressed as %, was determined by nuclear magnetic resonance (NMR) according to the International Organization for Standardization [8] . The NMR instrument was calibrated with oilseed samples analyzed with the ISO reference method [9] . Glucosinolate content was determined by NIR calibrated with the total glucosinolate method [10] . Chlorophyll content was determined spectrometricaly [11] and results were expressed as milligrams per kilogram (mg/kg), seed basis. Fatty acid composition was determined after base catalyzed derivatization [12] using a gas chromatograph equipped with a FID detector [13] . The results are presented as a relative fatty acid composition. Iodine value which is a measure of unsaturation was calculated from the fatty acid composition according to AOCS recommended practice [14] . The free fatty acid content of the oil was determined using Ke et al.'s method [15] and the results are expressed as a percentage by weight of oleic acid in the oil.
Statistic and Analysis
The harvest quality averages for the year (1 August to 1 December of the same calendar year) were compared with the export quality averages of the corresponding shipping season (1 August of the year of harvest to 31 July of the following calendar year). Analyses were done using Instat version 3.10 (GraphPad, San Diego, CA, USA). Paired t-tests with two tail p-value were used to compare the yearly averages. Origin version 9.1.0 (Origin Lab Corporation) was used to produce the graphs.
Conclusions
Canola harvest survey data can be extrapolated to predict the quality of the Canadian Canola exports. Some differences were constant, e.g., Canadian exports contained lower oil content when 
Export Data
Methods
Quality parameters used are oil, protein, chlorophyll, glucosinolates, free fatty acids and the fatty acid composition. Oil, protein and glucosinolates content values are presented using the Canadian Grain Commission's historical 8.5% moisture basis. Protein content was determined using the AOCS Official method [7] ; results are reported as a percentage using Nˆ6.25. Oil content, expressed as %, was determined by nuclear magnetic resonance (NMR) according to the International Organization for Standardization [8] . The NMR instrument was calibrated with oilseed samples analyzed with the ISO reference method [9] . Glucosinolate content was determined by NIR calibrated with the total glucosinolate method [10] . Chlorophyll content was determined spectrometricaly [11] and results were expressed as milligrams per kilogram (mg/kg), seed basis. Fatty acid composition was determined after base catalyzed derivatization [12] using a gas chromatograph equipped with a FID detector [13] . The results are presented as a relative fatty acid composition. Iodine value which is a measure of unsaturation was calculated from the fatty acid composition according to AOCS recommended practice [14] . The free fatty acid content of the oil was determined using Ke et al.'s method [15] and the results are expressed as a percentage by weight of oleic acid in the oil.
Statistic and Analysis
Conclusions
Canola harvest survey data can be extrapolated to predict the quality of the Canadian Canola exports. Some differences were constant, e.g., Canadian exports contained lower oil content when compared to the oil content of the Harvest Survey and the difference was mainly due to dockage, which remained constant over the years (1.7% to 1.9%). Chlorophyll was the least predictable of all the parameters; dockage quality, as well as commingling of the other grades in Canola No. 1 Canada affected the chlorophyll content of the exports and those effects are difficult to predict from one cargo to another or one year to another. Other parameters such as protein content and fatty acid composition were very similar for harvest and export averages. Free fatty acids also showed some differences, however, they are affected by storage and as such are difficult to predict.
The results of this study suggested that the canola data quality obtained by the CGC harvest survey program could be used to forecast the quality of the canola exported by shipments for the corresponding season. Canola harvest survey data are a reliable descriptor of the yearly quality of western Canadian canola and could be used as a tool to support the marketing of Canadian canola.
